In the FIRST trial (MM-020), lenalidomide plus low-dose dexamethasone (Rd) reduced the risk of disease progression or death compared with combination melphalan-prednisone-thalidomide. As the FIRST trial did not include any Japanese patients, the efficacy and safety of continuous treatment with Rd was evaluated in 26 Japanese patients with newly diagnosed multiple myeloma (NDMM) in a singlearm, multicenter, open-label phase II trial (MM-025). Patients received lenalidomide on days 1-21 of each 28-day cycle, with a starting dose of 25 mg ⁄ day (dose adjusted for renal impairment), and 40 mg ⁄ day dexamethasone (dose adjusted for age) on days 1, 8, 15 and 22 of each 28-day cycle until disease progression or discontinuation for any reason. In the efficacy evaluable population, overall response rate was 87.5%, including 29.2% of patients who achieved a complete response ⁄ very good partial response. Median durations of response, progressionfree survival and overall survival have not been reached. The most common grade 3-4 adverse events were neutropenia (23%) and anemia (19%). The efficacy and safety of Rd were consistent with data from larger studies, including the FIRST trial, thereby supporting the use of Rd continuous in Japanese patients with NDMM who are ineligible for stem cell transplantation. C urrently in Japan, the recommended therapy for patients with newly diagnosed multiple myeloma (NDMM) who are ineligible for stem cell transplantation (SCT) is melphalan plus prednisone (MP) combined with either bortezomib (MPV) or thalidomide (MPT).
In the FIRST trial (MM-020), lenalidomide plus low-dose dexamethasone (Rd) reduced the risk of disease progression or death compared with combination melphalan-prednisone-thalidomide. As the FIRST trial did not include any Japanese patients, the efficacy and safety of continuous treatment with Rd was evaluated in 26 Japanese patients with newly diagnosed multiple myeloma (NDMM) in a singlearm, multicenter, open-label phase II trial (MM-025). Patients received lenalidomide on days 1-21 of each 28-day cycle, with a starting dose of 25 mg ⁄ day (dose adjusted for renal impairment), and 40 mg ⁄ day dexamethasone (dose adjusted for age) on days 1, 8, 15 and 22 of each 28-day cycle until disease progression or discontinuation for any reason. In the efficacy evaluable population, overall response rate was 87.5%, including 29.2% of patients who achieved a complete response ⁄ very good partial response. Median durations of response, progressionfree survival and overall survival have not been reached. The most common grade 3-4 adverse events were neutropenia (23%) and anemia (19%). The efficacy and safety of Rd were consistent with data from larger studies, including the FIRST trial, thereby supporting the use of Rd continuous in Japanese patients with NDMM who are ineligible for stem cell transplantation. C urrently in Japan, the recommended therapy for patients with newly diagnosed multiple myeloma (NDMM) who are ineligible for stem cell transplantation (SCT) is melphalan plus prednisone (MP) combined with either bortezomib (MPV) or thalidomide (MPT). (1, 2) Bortezomib was first approved in Japan in 2006 for the treatment of patients with relapsed and refractory multiple myeloma (RRMM).
In the phase III VISTA trial, MPV was shown to significantly improve median overall survival (OS) compared with MP (56.4 vs 43.1 months, respectively; P < 0.001), with a 31% risk reduction of death (hazard ratio [HR] 0.695). (3) (4) (5) A meta-analysis of data from six randomized trials in transplantineligible NDMM patients showed that the MPT regimen, compared with MP, significantly reduced the risk of death (HR 0.83; P < 0.0001) or disease progression and death (HR 0.68; P < 0.004). (6) MPT is recommended as first-line therapy for transplant-ineligible NDMM patients in the USA and the European Union. (2, 7) Although MPT is not yet approved in Japan, the Japanese Society of Hematology has given the regimen a Category 1 recommendation, based on high-level evidence and uniform consensus.
Both MPV and MPT are associated with adverse events (AE) that may impact on quality of life and treatment outcome. (8) In addition, prolonged treatment with melphalan-containing regimens, including those combined with lenalidomide, (9) may increase the risk of second primary malignancies (SPMs), such as myelodysplastic syndromes and acute myeloid leukemia. Thus, limiting the duration of melphalan-containing regimens to 6-18 months is generally recommended. (10) (11) (12) In the VISTA trial, grade ≥3 peripheral neuropathy was reported in 13% of patients treated with MPV, with 12% of patients discontinuing study treatment due to peripheral neuropathy. (3) In trials evaluating MPT, up to 20% of patients developed grade ≥2 peripheral neuropathy during MPT therapy. (13) These findings suggest the need for a combination therapy that is effective and less toxic for long-term use in transplant-ineligible NDMM patients.
Lenalidomide is an oral immunomodulatory agent which, when given in combination with dexamethasone, is a standard therapy option for the treatment of patients with RRMM. (14, 15) A randomized study comparing lenalidomide plus high-dose dexamethasone (RD) with lenalidomide plus low-dose dexamethasone (Rd) in patients with NDMM found that the 1-year OS rate was significantly higher with Rd vs RD (96% vs 87%, respectively; P = 0.0002); Rd was also associated with fewer AE. (16) In the pivotal, global, randomized phase III FIRST trial (MM-020, the largest global registration study of transplant-ineligible NDMM patients conducted to date), continuous treatment with Rd was compared with fixed-duration treatment with MPT. (17) The Rd regimen, compared with MPT, significantly prolonged progression-free survival (PFS) (HR 0.72, 95% confidence interval [CI] 0.61-0.85; P < 0.001), yielded favorable interim OS results (HR 0.78, 95% CI 0.64-0.96; P = 0.02), and showed a higher overall response rate (ORR) (P < 0.001). Results from the Asian subpopulation in the FIRST trial were generally consistent with the findings in the overall population (PFS: HR 0.61, 95% CI 0.33-1.14; and OS: HR 0.52, 95% CI 0.24-1.13; (18) ORR: P = 0.06 [Celgene data on file]). However, only approximately 8% of the patients in the FIRST trial were Asian (enrolled in China, South Korea and Taiwan), (18) and the Rd regimen has not been studied specifically in Japanese patients. Although the safety and efficacy of lenalidomide in combination with high-dose dexamethasone has been investigated in Japanese RRMM patients, (19) there has been no such study in the Japanese NDMM patient population using low-dose dexamethasone. In response to this gap in knowledge, an original phase II study was initiated, in reference to the FIRST trial, to confirm the efficacy and safety of Rd in Japanese patients with NDMM who are ineligible for SCT.
Materials and Methods
Study design and treatment. MM-025 was a phase II, multicenter, open-label, single-arm study conducted at 24 treatment centers in Japan (ClinicalTrials.gov Identifier: NCT01698801). The study consisted of three periods: screening, treatment and follow-up. The study was conducted in accordance with the ethical principles of the Declaration of Helsinki, Good Clinical Practice and applicable regulations. Written informed consent was obtained from each patient before any study procedure was undertaken. The Institutional Review Board at each study site approved the study and the contents of the informed consent document.
Potential eligible patients underwent screening within 28 days before receiving study treatment. Eligible patients had previously untreated, symptomatic and measurable multiple myeloma (MM), were aged ≥65 years (patients aged <65 years were included if they were considered ineligible for SCT, refused SCT or did not have access to SCT), and had an Eastern Cooperative Oncology Group (ECOG) performance status score of 0-2. Patients were excluded if they had: received prior antimyeloma therapy; significant laboratory abnormalities; severe renal impairment requiring dialysis; grade ≥2 peripheral neuropathy; or a contraindication for dexamethasone. Patients also had to be able and willing to undergo antithrombotic therapy.
Patients who met the eligibility criteria entered the treatment period and received continuous Rd until documentation of disease progression or discontinuation of study treatment for any reason. Lenalidomide was given on days 1-21 of each 28-day cycle. The starting dose of lenalidomide was adjusted based on patient renal function: 25 mg ⁄ day for normal renal function ⁄ mild renal impairment (creatinine clearance [CrCl] ≥60 mL ⁄ min); 10 mg ⁄ day for moderate renal impairment (CrCl ≥30 to <60 mL ⁄ min); and 15 mg once every other day for severe renal impairment (CrCl <30 mL ⁄ min). Patients requiring dialysis were excluded from the study. Dexamethasone was given weekly (i.e. on days 1, 8, 15 and 22 of each 28-day cycle) and the starting dose was adjusted based on patient age: 40 mg ⁄ day for patients aged ≤75 years and 20 mg ⁄ day for patients aged >75 years. For patients who experienced a treatmentemergent AE (TEAE), doses of lenalidomide and ⁄ or dexamethasone were adjusted according to dose modification guidelines specified in the protocol. The dose and schedule of lenalidomide and dexamethasone selected for the current study were based on those used in the FIRST trial and in a previous phase III trial conducted by ECOG in previously untreated MM subjects, (16) which demonstrated favorable efficacy and safety profiles. The pharmacokinetics of lenalidomide have been shown to be similar in Japanese and white patients, (20) and the dose and schedule of lenalidomide used in the current study are consistent with those approved for the treatment of RRMM in Japan and beyond.
Patients who had experienced deep-vein thrombosis (DVT) or pulmonary embolism (PE) within 5 years of starting the study treatment received prophylactic anticoagulation with heparin, a low-molecular-weight heparin, or warfarin for at least the first 16 weeks of the study. Thereafter, they either continued anticoagulation therapy or received low-dose aspirin, at the investigator's discretion, for the remainder of the study treatment period. Patients who had not experienced DVT or PE within 5 years before starting treatment received low-dose aspirin or other prophylactic antithrombotic treatment during the study treatment period at the discretion of the investigator. Bisphosphonates and other supportive therapies were allowed at the investigator's discretion. Other antimyeloma therapies, however, were not allowed during the study.
Patients who discontinued the study treatment entered the follow-up period and were monitored every 2 months for survival, disease progression (for those who did not progress) and SPM for ≥5 years from the start of Rd treatment until the last patient enrolled in the study (unless the patient withdrew consent, was lost to follow-up or died).
Endpoints and assessments. (21) Secondary endpoints included: time to response (TTR), duration of response (DOR), PFS, OS and safety (type, frequency and severity of AE, and their relationship to study drug). Disease progression data were reviewed by the Efficacy and Safety Evaluation Committee using IMWG criteria. (21) The severity of AE was graded using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.0. The intent-to-treat (ITT) population comprised all enrolled patients regardless of whether they received the study drug. The safety population included all patients who received ≥1 dose of the study drug, and the efficacy evaluable (EE) population included patients who met the protocol requirements (all eligibility criteria) and were evaluated for efficacy after receiving ≥1 dose of the study drug. The primary efficacy population was the EE population. The efficacy analysis was performed after all patients had completed ≥24 weeks of study treatment or discontinued for any reason.
Statistical considerations. The required sample size was calculated using the expected ORR of 60%. Assuming an ORR of 60%, 20 patients would be required to reject the null hypothesis (H 0 : ORR 30%) with a probability of ≥80%, an a error of 0.05 and b error of 0.20. The threshold ORR (30%) was based on the ORR achieved with MP in the VISTA trial (39%), (3) indicating that an ORR of 30% was the minimum requirement to continue the development of Rd in this population. A onesample binomial test was performed for the dichotomized ORR proportion against the null hypothesis to provide the Pvalue for the ORR. The treatment was considered effective if the lower limit of the CI was >30% in the EE population.
Results
Patients and treatment. The primary analysis was conducted after all patients completed 24 weeks of treatment or discontinued the study treatment prior to 24 weeks for any reason. The data cutoff date was 15 July 2014.
A total of 26 patients were enrolled in the study and received Rd continuous (Fig. 1) . As of the data cutoff date, 15 patients were receiving treatment and 11 patients had discontinued. The primary reasons for discontinuation were AE (n = 4), withdrawal of consent (n = 1), progressive disease (n = 1), protocol violation (n = 1) and "other" (n = 4). Of the 10 patients who entered the follow-up phase following treatment discontinuation, six remained in follow-up and four discontinued (due to death).
Patient baseline characteristics for the ITT population are presented in Table 1 . The median age was 75 years (range 60-85 years), and 46.2% (n = 12) of patients were aged >75 years. Half of all patients were male (n = 13) and 19.2% (n = 5) had International Staging System (ISS) stage III disease. The ECOG performance status score was 0-1 in 76.9% (n = 20) of patients and was 2 in 23.1% (n = 6). The baseline CrCl level was <30 mL ⁄ min in 7.7% (n = 2) of patients and ≥30 to <60 mL ⁄ min in 53.8% (n = 14). Baseline characteristics of patients in the MM-025 trial were generally similar to those in the FIRST trial in terms of age, sex and disease type; however, the MM-025 patients generally appeared to have less severe MM. The majority of MM-025 patients (80.8%) had ISS stage I or II disease compared with 59.4% of patients in the FIRST trial (in the FIRST trial Rd continuous arm, 59.6% of patients had ISS stage I or II disease).
Efficacy. The ORR, the primary endpoint, is shown in Table 2 . In the EE population (n = 24), the ORR was 87.5% (95% CI 74-100; P < 0.0001). Two patients (8.3%) achieved CR, 5 (20.8%) achieved VGPR and 14 (58.3%) had PR. In patients who achieved at least PR, the median TTR was 1.97 months (range 0.9-13.8 months). The median DOR based on Kaplan-Meier estimate has not been reached. The ORR was 83% in the 12 patients aged >75 years and 92% in the 12 patients aged ≤75 years. Responses were observed regardless of renal impairment status; at least PR was reported in 100% (2 of 2) of patients with severe renal impairment (CrCl <30 mL ⁄ min), 84.6% (11 of 13) with moderate renal impairment (CrCl ≥30 to <60 mL ⁄ min) and 88.9% (8 of 9) with normal renal function ⁄ mild renal impairment (CrCl ≥60 mL ⁄ min).
Of the 24 patients in the EE population, three had progressed as of the data cutoff date. With a median follow-up of 14.2 months, the median PFS based on the Kaplan-Meier estimates had not been reached (Fig. 2) . The interim OS data, with a data cutoff of 15 July 2014, revealed that there were three deaths during the follow-up period.
Safety. All patients experienced ≥1 TEAE. The most common TEAEs were rash (50.0%; n = 13), nasopharyngitis (42.3%; n = 11), constipation (30.8%; n = 8), anemia (30.8%; n = 8), neutropenia (26.9%; n = 7), thrombocytopenia (23.1%; n = 6), leukopenia (23.1%; n = 6), insomnia (23.1%; n = 6) and peripheral edema (23.1%; n = 6). There was one reported incidence of grade 2 DVT.
Eighteen patients (69.2%) reported ≥1 grade 3-4 TEAE ( Table 3 ). The most commonly reported grade 3-4 TEAEs were neutropenia (23.1%; n = 6), anemia (19.2%; n = 5) and thrombocytopenia (15.4%; n = 4). Serious TEAEs were reported in 42.3% (n = 11) of patients and included the following: abnormal hepatic function, acute cardiac failure, coronary artery stenosis, interstitial lung disease, lower gastrointestinal hemorrhage, pneumonia, aspiration pneumonia, presyncope, tumor lysis syndrome, thrombocytopenia, toxic skin eruption and urinary tract infection (all single cases). No deaths due to treatment-related AE, thromboembolic events or SPM were reported as of the data cutoff. The deaths that did occur were due to MM disease progression and related compli- cations (n = 3) or pneumonia (n = 1), neither of which were related to study drug. Study treatment and dosing are shown in Table 4 . The median duration of treatment was 13.8 months (range 0.2-20.6 months). Median relative dose intensity for all patients was 0.87 (range 0.2-1.3) for lenalidomide and 0.93 (range 0.3-1.0) for dexamethasone. Relative dose intensity was lower in patients aged >75 years (0.72 for lenalidomide and 0.80 for dexamethasone). TEAEs led to dose reductions in 13 (50%) patients for lenalidomide and 9 (34.6%) patients for dexamethasone. The median time to first lenalidomide dose reduction was 1.9 months. TEAEs led to dose interruption in 18 patients (69.2%) for lenalidomide and 14 patients (53.8%) for dexamethasone. Four patients (15.4%) discontinued the study treatment because of the following TEAEs: increased transaminase level; interstitial lung disease; toxic skin eruption; and decreased appetite, nausea and vomiting (all single cases).
Discussion
In this Japanese cohort of patients with NDMM, continuous treatment with Rd achieved an ORR of 87.5%, including a CR + VGPR rate of 29.2%. Responses were rapid (median TTR was 1.97 months), and the median DOR and PFS have not been reached. Interim OS data show only three deaths (during the follow-up phase) at the data cutoff. Despite differences in the MM-025 trial in terms of patient number and population, these findings are consistent with previously published results from the FIRST trial, where the continuous Rd 4-year OS was 59% and the median PFS was 25.5 months. (15) In the FIRST trial, Rd continuous achieved an ORR of 75% and a CR + VGPR rate of 43.6%. (17) Median PFS was significantly longer with Rd continuous (25.5 months) compared with MPT (21.2 months; HR 0.72; P < 0.001) or Rd given form 18 cycles (20.7 months; HR 0.70; P < 0.001). (17) Findings from the FIRST trial Asian subpopulation were similar to those from the MM-025 study in terms of ORR (the Rd continuous arm showed a response rate of 78% (17) vs 87.5%, respectively); however, the CR + VGPR rate was lower in the MM-025 study (29.5% vs 50%) (Celgene data on file). This difference in depth of response between the two trials may be due to the shorter follow-up for the MM-025 study compared with the FIRST trial (median follow-up: 14.2 vs 37.0 months, respectively). (17) As in the FIRST trial, the starting dose of lenalidomide in the MM-025 study was adjusted according to patient renal function. Compared with the Rd continuous arm in the FIRST trial, there were fewer patients with normal ⁄ mild renal impairment (CrCl ≥60 mL ⁄ min) in the MM-025 study (MM-025, 38.5% and FIRST, 50.1%); similar numbers of patients had severe renal impairment in both studies (MM-025, 7.7% and FIRST, 8.4%). Overall, the majority of patients in the MM-025 study had moderate renal impairment, which led to >60% of MM-025 patients receiving a lenalidomide dose of either 10 mg ⁄ day or 15 mg every other day, on days 1-21 of each 28-day cycle. In the FIRST trial, just over 50% of patients had normal ⁄ mild renal impairment, which meant that a higher percentage of patients received a lenalidomide dose of 25 mg ⁄ day compared with the MM-025 study. Despite this difference in dosing, the ORR from the MM-025 trial was comparable with that in the Rd continuous arm of the FIRST trial, and the Asian subpopulation of the FIRST trial (87.5% vs 75% (17) and 78%, (18) respectively). Of the 10 patients in the MM-025 study who initially received the full 25 mg ⁄ day dose of lenalidomide, four patients remained at this dosing level at the data cutoff. After Rd continuous treatment, the majority of patients (78.3%; 18 of 23) had similar renal function to the baseline. The adjustments in lenalidomide dose were based on those used in the US Revlimid â prescribing information; further research and patient monitoring will be necessary to determine whether these doses are appropriate for Japanese patients with NDMM.
Median relative dose intensity of lenalidomide was lower for patients aged >75 years compared with all patients (0.72 vs 0.8). This was not unexpected as elderly patients are more likely to have decreased renal function, and generally lower levels of physiological function. However, this does indicate that elderly patients should be carefully monitored when treated with lenalidomide. The safety profile of Rd continuous in the MM-025 study was consistent with the known safety profile of lenalidomide. Rd continuous was well tolerated despite the fact that the median age of patients was 75 years (46.2% of patients were aged >75 years), 19.2% had ISS stage III disease and 7.7% had severe renal impairment (CrCl <30 mL ⁄ min) not requiring dialysis. The most common grade 3-4 AE were hematological, including neutropenia, anemia and thrombocytopenia, and were generally manageable with dose modifications and standard interventions. The frequency of hematological AE was similar to that reported in the continuous Rd arm of the FIRST trial, where the most common grade 3-4 AE were infection (29%), neutropenia (28%), anemia (18%) and cardiac disorder (12%). (17) In the present study, 11.5% (n = 3) of patients developed grade 3-4 rash compared with 6% in the FIRST trial. Grade 3-4 infection developed in only 7.7% (n = 2) of patients in the present study, which is lower than the rate of 29% reported in the FIRST trial; however, the incidence of grade 3-4 pneumonia (7.7%) was similar to that found in the FIRST trial (8.0%). There were no reports of SPM, and no deaths were attributed to TEAEs. There was one incident of grade 2 DVT, contrasting with the FIRST trial, in which 8% of continuous Rd patients experienced grade 3-4 DVT. (17) This is not an unexpected finding, given the lower prevalence of venous thromboembolism in Asian patients compared with white patients. (23) The efficacy and safety results from this study suggest that Rd continuous has a favorable benefit-risk profile in Japanese patients with NDMM. One limitation of the MM-025 study, given the increasing importance of cytogenetics in predicting patient outcomes from treatment, (24) is that cytogenetic information was not collected from the patients.
Current treatment options for transplant-ineligible patients consist primarily of melphalan-containing regimens (MPV or MPT).
(1,2,7) Rd continuous was shown to be superior to fixedduration MPT in the FIRST trial, and results in the MPT control group were consistent with outcomes achieved with MPT in previous studies. (6, 17) No trials have directly compared Rd continuous with MPV. In the VISTA trial, MPV produced a response rate of 71%, and a CR + VGPR rate of 41%, including a high CR rate of 33% (International Uniform Response Criteria analysis).
(3) Median TTP was 24.0 months and, with extended follow-up, median OS was 56.4 months. (5) Notably, as in the FIRST trial, <10% of patients in the VISTA trial were Asian. (3) Differences in terms of patient demographics and disease characteristics preclude meaningful comparisons between the VISTA trial and trials of Rd continuous. Nevertheless, there is clearly a need for less-intensive therapies for older and frailer patients, who may have difficulty tolerating melphalan-based triplet regimens. Myeloma is generally a disease of the elderly, and the presence of advanced age, frailty and comorbidity can increase the risk of AE and treatment modifications that may compromise efficacy. (25) (26) (27) The regimen of Rd, which can be given continuously with a manageable and predictable safety profile, fulfills an unmet need in the treatment of elderly patients with MM and lends itself to the development of risk-adapted strategies for the management of MM. (10) In conclusion, the MM-025 study demonstrated that Rd continuous was effective and well tolerated over the study period in Japanese patients with NDMM who are ineligible for SCT. Response rates and safety data were consistent with what has been reported in the pivotal FIRST trial and other studies evaluating the Rd continuous regimen. Evidence regarding the long-term treatment of Japanese NDMM patients with lenalidomide is extremely limited; therefore, longer follow-up of safety and efficacy data will be needed, along with studies involving larger patient numbers. Further research into the most appropriate dosing for patients with renal impairment is also required. However, the MM-025 data presented here support the potential role of Rd continuous as a first-line treatment for Japanese patients with NDMM who are ineligible for SCT.
